
liliy STRUCTURE OF THE FORE LIMB AND MANUS OF 

BRONTOSAURUS. 

Bv J. B. Hatcher. 

Notwithstanding the abundance of the remains of the Satifof^ 
Dinosaurs in the Jurassic deposits of the West and the exceptloi^ 
vigor with which the collecting of these remains has been carried; srj^ 
in the earlier days by the late Professors Marsh and Cope and ttmM 
recently by Osborn, Wi His ton, and the Carnegie and Field CoiuralfliS 
Museums, much still remains to be learned concerning the com 
osteology of even the commoner genera and species. By the 
billed efforts of all engaged in the collecting and studying of 
remains, rapid axid substantial progress is being made in our knOI 
edge of the structure of these gigantic reptiles which in size eqtil^lli 
or surpassed that of any other known animals either living or exll 
The facts set forth in the present paper concerning the structitifi ^^ 
the manus of Brontosaurus. which most likely does not differ matii^ 
ally from that of the same element in the other genera of the SaUEgf 
poda, affords a striking illusti-ation of the proximity with which 
discovery follows another, shedding new light on doubtful points? 
making it for the first time possible to substitute facts for coii|S^ 
concerning the structure of previously unknown characters, m^ 
had the Memoir on Diplodocus/ prepared by the present authpf 
based upon much the best material pertaining to that genus yel^ m^ 
covered, been received from the press, than a second skeleton^ 
longing to a distinct but closely allied genus, Brontosaurus^ W^ 
ceived at the Museum. This contained, beside many other pat^, 
the skeleton, a nearly complete fore limb and foot, elements entlli^ 
wanting in our skeleton of Diplodocus. This fortunate dis-co^i^ii 
calls for an entire revision of the structure of the manus of Brontos|tKEs» 
at least, as that element has been reconstructed, figured and desGfi: 
in recent publications by Prof. H. F. Osborn," while at the 
time making it extremely probable that the manus of both MorOsatfiP 
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^ Ojplodocu^ has 4M^#y>~-^-gj:^^^^i-iA^-'- t.'.QnKti;m;,ted hoih in Osborn^s 

i||i:es and in my own restoration of the skeleton of the latter genus, 
^re, as stated in the text, I followed that author when reconstruct - 
^the^nterior limbs and feet, ]>ai:t&,o£.tl3^:s.keieton not represented in 
rsijir coUections. 

Discovery (w the Skeleton of Brontosaukus (No. 563). 
'^the skeleton with which the limb and foot under discussion be- 
was discovered by Mr. Charles W. Gilmore, a graduate of the 
y of Wyoming and member of the staff of the Section of 
i^ttebrate Paleontology of this Htiseum. It was found in the shales 
11 the Atlantosanrus beds, about one adle south of Sheep Creek in 
ilhany Coimty, Wyoming, The particular locality (Quarry E) at 
the skeleton was dug up was distant about one quarter mile 
Quarry D, which had yielded the two skeletons of Diplodmus 
a (Nos. S4 and 94) belonging to this Muselim's collections. 
iile both quarries are in the same bed of shale, Quarry E is in 
i distinctly lower horixon than Quarry D. Careful measurements 
llisg into consideration the dip of the strata would probably place 
ierhorizon of Quarry D from 30 to 40 feet above that of Quarry E. 
^he different parts of the skeleton recovered were for the most part 
Isarticulated when found. But when, as with the present limb and 
:]faot, any bones were found in nearly or quite their normal positions, 
lii portions were taken up and packed by Mr. Gilmore with such 
pieaution and skill that they have been received in the laboratory 01 
fei Museum in the same positions in which they were found and stiU 
iiyJiaHy imbedded in the original matrix. Moreover, in order that 
mu possible aid should be lost which a knowledge of the various posi- 
Ions of the different bones when found in the quarry might furnish in 
ll^igning each to its proper position in the skeleton after their arrival 
1 the Museum, Mr. Gilmore prepared an excellent diagram of the 
W^xxy and carefully located on this each bone as it was uncovered 
fcmg the process of excavation, thus securing a permanent and reii- 
^^fe record of the relative positions of the diH'erent parts of the skeie- 
Hm^% they lay imbedded in the rock. 

teiUxiVE Positions of THE^HuMERtJS. Radius, Ulna and Manus 

KN THE Matrix. 
JWhen found the forearm and manus lay with the palmar side up. 
Re humerus was not in position at the proximal end of the radius 
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and ulna, but lay with its dorsal side up, the middle of the shaft;;^ 
ingon the proximal end of the ulna with its longer axis at right ang 
to that of the radius and ulna/ The proximal end of the radius I 
in the radial groove on the anterior surface of the ulna. Lyiiig fe 
tween and upon the palmar side, near the distal ends of the radiussat 
ulna, was a large flat bone, the scapho-lunar, presenting on one 
gently but regularly convex surface and on the other two flat, sube^i 
surfaces separated by a low ridge. 

Metacarpals I., II., UL, IV., and V. were in regular order^all 
distal extremity of the radius and ulna. The proximal ends of,m<^^ 
carpals I. and V. were closely applied to the external lateral sur&^^ 
of the distal ends of the radius and ulna, indicating that in lif^ W^ 
articulated directly with these bones perhaps through the interniedltiip 
of heavy cartilaginous pads, while the three median raetacarpals: wms 
still interlocked at their proximal ends, as shown in plate XX.,:aflilia 
little more removed from the distal ends of the radius and uiiiia^ 1^ 
though to accommodate the supposed scapho-lunar mentioned iifeo^^li 
The proximal phalanges of all the digits were present and near|f^ 
their normal position with relation to their respective raetacarpaffl 
That of digit L was in contact with its metacarpal but shifted from; M 
normal position so that its external lateral surface was opposed t|gii 
distal end of the metacarpal, with its proximal articular surface f^^ 
inward toward the median axis of the foot and the distal 6ut#^i^ 
The proximal phalanx of digit TI. was m position at the extreitijlip 
metacarpal IT, but very much flexed, so that its longitudinal Mli 
stood almost at right angles to that of metacarpal IL The^^^P 
phalanx of digit II L was found in its proper position at the eitrfetlt^^ 
of metacarpal III. and there was on the palmar side, i"^^''?^^"^^ 
tween it and that bone, a small rounded sesamoid. The proMlliF 
phalanx of the fourth digit was in position articulated with ^n^^^^^J 
[V. That of digit V. lay at the extremity of its metacarpal, but i;^# 
its external lateral surface opposed to the distal end ot the 
These were the only phalanges found with this foot except the tin 
of the first digit, which lay in its normal position with i"^^^^^^^ 
that of the first phalanx as the position of the latter has been ^^^ 
above, except that it was turned on its side and had been ra^ 



'III a preliminary note in S-/.v/(^- I stated tliat the humerus was in P^^^^'^^1^ 
proximal tnd of the radius and uhia, having misund&r.stc^od iMr. Giimore in re. 
to diis particular. See Sdnue, Vol. XIV., No. 365, j?. 1015, 
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^ backward and lay with its articular surface abutted against the 

eternal border of the distal articular surface of the first plialatix and 
ilt-external lateral surface of metacarpal L 

There was a slight vertical displacement in the carpal region so 
i^t the distal ends of the radius and ulna were a little lower than the 
metacarpals. Metacarpals L and V. lay in such position with refer- 
euefe to II.; in. and IV. as to indicate that the proximai ends of 
Ihese bones were arranged in the arc of a circle and not horizontally- 

'AHATION OF THE FORE LiMB AND MaNUS IN THE LaBORATORV. 

The same painstaking care given by Mr. Gilmore to. the work in the 
_ld has been exercised in the laboratory in the preparation of the 
itob, manus, and other portions of the skeleton for study and exhibi- 

ion purposes. 

The entire limb and foot were taken up in two blocks. One of 
iese contained the humerus while in the other were imbedded the 
mdius, ulna and manus. These were packed m separate boxes and 
tovarded to the Museum along with the remaining portions of the 
skeleton and other material collected during the season by Mr. Gil- 
tnore's party, amounting in all to some fifty lai^^e cases. 

When unpacked in the laboratory the block containing the radius, 
:^tia, and manus, as also that containing the humerus, were in a perfect 
State of preservation, having sustained no injury while being trans^ 
ported Irom the Wyoming quarry to the Museum in Pittsburg. 
fehese blocks were each placed on an operating table resting on the 
ide which had been lowermost as they lay in the quarry. That con- 
fining the forearm and manus was assigned to Mr. Gihnore for 
l^feparation, while Mr. Louis Coggeshall prepared the humerus. The 
Strips of burlap, which had been saturated with paste, or cement and 
piaster, and wound aboiit the blocks in such manner as to form a per- 
fect casing, binding together the entire mass and holding even the 
most minute fragment in its original position, were carefully cut aw^y 
from the superior surface, exposing the entire palmar surfaces of the 
radius, ulna, and bones of the manus. The upper surface of these 
bones was then thoroughly cleaned and the matrix removed from be* 
tween and about them, without disturbing in any way their original 
positions, until each stood out in high relief. Next the photograph 
Reproduced in plate XIX. was taken and a piaster bed then made over 
all in order to preserve an impression of the bones as they lay still 
24 



sJightly fixed in the on'giaal matrix. After this bed had .hari3eni 
sufficient))-' it was removed and the different bones „\Tere taken up-'at^ 
thoroughly cleaned and fitted in their proper positions as indicated 
by the respective depressions made by ea<:h on the surface of ^ 
plaster bed. When al! had been thus cleaned arsd replaced thephotOi 
graph reproduced in plate XX. was taken, showing the relative p&iki 
tioii of the different elements from the dorsal or lower side of the fore," 
arm and manus as they lay imbedded in the shale. In this manner vs(fe 
have preserved the complete record of this limb and foot from Wm 
time of its disco%'ery until its final preparation in the ]aborator\^. J^Q; 
single fact has been lost which would aid us in a correct interpreta-^ 
tion of the structure and arrangement of the different elements in HM 
fore-limb and manus of this particular type of dinosaur. "To some-th^ 
careful methods thus detailed may appear as superfluous, but X dm 
convinced that they are not only desirable, but absolutely necessarj^ 1 
we are ever to arrive at an exact and satisfactory understanding of the 
skeletal structures in the Dinosauria. where articular surfaces ara- i« 
most cases so poorly defined as to afford little evidence conceniinf 
the exact position of bones found isolated, or detached and mispiacei 
through careless or indifferent field and laboratory methods. It m 
impossible to attach too mucii importance or ^ive too great credit W 
Mr. Gilmore for the appreciation, judgment, and skill shov-n in cc^ 
lectiiig and packing this skeleton, while tht ingenuity of Mr. A., t. 
Coggeshall in devising and improving laboratory methods, wherelif 
these heavy and exceedingly fragile bones are readily cleaned afii 
hardened so as to permit of being safely handled, is deserving of tHe 
greatest praise, 

DEScRIPTiON or THE LiMB. 

T/w Flumerus. — The shaft of this bone is much constricted, "wlilll 
the extremities are greatly expanded transversely, the proximal to a 
much greater extent than the distal. 1'here is a very prominent del"* 
toid ridge extending along the anterior e.xlernal border from the projfi^ 
mat end throughout one-half the length of the bone. Between the 
ridge and the inner margin there is on the anterior surface a rather 
deep basin, subtriangnlar in outline, bounded above by the anterior 
border of the slightly thickened broad proximal end, and externaWf 
and internally by the deltoid ridge and internal lateral margins, whicfe 
converge inferiorly where the shaft becomes much restricted. T^ 
])roximal end has the transverse diameter much expanded while ttt& 
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%te and aft js quite short. In the present specimen the differences 
jbetween these two diamete.rs.is somewhat magnified through distortion 
Sue to crushing. Superiorly the proxiina! end is regularly coiivex, so 




Fta. u Anterior view of right luunems, about one tenth natural size. (No, 563,) 

that when seen from behind or in ftont its upper border describes an 
almost perfect arc, the chord of which in the present specimen has a 
length of 600 mm. (23^-8 inclies). The head is placed about midway 
between the external and internal borders, but a 1 little nearer to the 
latter, and is directed rather strongly backward n\uch as in the testudi- 
nata. It is very rugose, only moderately expanded in either direction. 
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Distally the 'transverse diameter of the humerns is aiboul double 
fore and aft- The articular surface is exceedingly r\igose ^ind deefe 
pitted as though covered in \i(q with heavy cartilaginous epiph^^^ 




Fig, 2. I'osierior view of right humerus, about oae-tenih natural si/e* (No. 5%*;) 

which never became thoroughly ossified and through the intermediiiiil 
of which it articulated with the radius and uhia. On the posteri^F 
border there is an emargination indicative of an anconeal fossa. T^^ 
is extended into the articular area in such manner as to cause a slight 
median constriction on the posterior side directly opposite a sHgnl 
anterior expansion on the anterior surface. There is a small 2iJ?M 




Hatcwer: Foke hma and Manus of Broktosaurus. -363 

l^periectly defined external condyle. The posterior, border of 
iRr humerus is regularly convex 
l^nsversely throughout most of its 
teftgth, though much flattened prox- 
Imaily aad slightly grooved dis- 
mWy. The principal characters are 
^Qwn in Figs, i, 2, 3, which pre- 
set respectively the anterior, pos- ^^^^ ^^ Dbui T.nd of nght hu. 
sferior, and distal views of this bone. ^^^^^,^^ ^^b^ut one- tenth natural size. 
ftThe principal measurements are : (No. 563,) 

Greatestlength, Jaoomm, 43X '^*'^' 

*' iramve^rse diameter at prox{i«ai ctid.j 6c!0 <' 23?s " 

<< << u .t tjisia] M ^jo *« j55„^ .i 

Tmnsvefse diameter at point of greatest constiiction, 210 •* 8>4.' *' 

T/ie Rmfms a?ui C7mi,~~-ThtsQ bones are subeqital in size. The 
distal third of the ulna is a little more slender than the same portion 
of the radius as shown in plates XIX. and XX., and in Figs. 4, 5, 6, 
:7, S, and 9. The shaft of the radios Is constricted medially while the 
etids are about equally expanded. The proximal eiid is semi -circular 
kcross'section, the convex surface fitting nicely into the radial groove 
PR the anterior surface of the proximal end of the ulna, ProicimaUy 
Ihe radius articulates only with the anterior and internal portion of 
the distal articular surface of the humerus, as is well shown in Figs. 4 
aitid 6 and In plate XX. The proximal end of the idna entirely en- 
closes that of the radius posteriorly and externally so that its articular 
isurface is opposed to that of the distal end of the humerus posteriorly 
^throughout its entire breadth, while at the same time presenting a 
^road and deep articular surface on the anterior projection which en- 
closes the radius externallv for contact with that of the anterior and 
external surface of the humerus. The contact of the radius with the 
humerus is thus limited to the antero-internal surface of the humerus 
Instead of the antero-external as determined by Osborn and Granger,^ 
so that these bones are not so completely crossed a$ these authors had 
supposed, but occupy positions aln^ost identical with those figured by 
the late Professor Marsh as obtaining in the fore hmb of Morosaurus.^ 
Seen from above the ]>roximal end of the ulna may best be described 

iSee BuK Am, Mas. Nat. Ilisi., Vol. XIV,, pp. 199-^208. 

«See I'art f. Stxu-eiilh An, Report U. S. G. S., pp. i.J3-^44» n^ii*-' XXXVH. 
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as tri -radiate. The rays are formed by the posterior aBConeai spla% 
the directly opposite external anterior projection and the widely^iexi 




Fig. 4. Fronl view of fight laclius, uluti aiul inanus in |>osition about one- 

nvituml sixe. (No, 563,) 

panded internal portion. The first two of these are sobecjuai and taii^ 
smaller than the last. All are separated by concave surfaces. Th^li 
is a deep cavity on the posterior surface between the anconeal spM. 
and the internal, lateral margin of the ulna. Distally the Tadm:s 
shows a prominent rugosity on the posterior side near the external 
border. This commences about four inches from the distal extrerniti 
and continues as a prominent narrow ridge for a distance of BiJ?^ 
inches. At about one third the distance from the lower to the npp^ 
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iad-.of this rugosity it is interrupted by a deep groove which starts on 
ffe: inner side, runs oblicjuely downward and outward, completely 





IFJg, S- DJHial €n-d^ of riglit radius Flik 6. ProximaJ end of right ra- 

iad ulna in posiuon, about o.»c-iendi diui> and xihia ui position, about onc- 
ffistuial size. (Xo, 563, ) tenth natural size. (K<x 563), 

ilsecttng the rugosity. This groove doubtless served for the trans- 

minion of an artery. Opposed to this rugosity 011 the radius there is 

g! similar one on the middle of the internal 

surface of the ulna near its distal extremity, 

!fhese rugosities doubtless served for the attach- 

t^mt of the muscles which h^ld these bones 

m place. Seeti from below, the articukr sur- 

^e of the distaj end of the radius has the form 

if an elongated ellipse with an area somewhat 

t^eeeding that of the distal end of the ulna, 
Jch takes the form of an oblique quadrangle 
its two axes nearly equal. There is on 

Ifte internal surface of tht distal end of the nloa 

i rather deep emargi nation or fossa for the re- 

^S^tion of the rounded postero-extenial angle 

if the distal end of the radius. This eniargi- 

^tion appeai-s, though less distinctly, on the 

internal border of the distal articular surface of 

ft ulna, as shown in Fig. 5. Its presence 

iSbrds great assistance in the proper adjust « 

l^ent of these bones, since when they are so 

placed that the convex s\irface of the proximal 

^'^•<^ of the radins fits nicely into the radial 

ftoove of the ulna and the postero-external 

^gle of the distal end of the radius in this fossa 

^fee can be no rpiestion as to the correct rela- 

^^■ve positions of these bones. The articukr surfaces of the distal ends 




view of right ra<iius. 
ak>«t one-tenti) iiatura! 
size, (jS'O. 563,) 
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of the radius and ulna display different degrees of rugosity, Wm 
j)ostero internal portions of each are extremely rugose and dee|i^^ 





- Fig. S- Posterior view of tight ulna, Fir;. 9. AiUtrrior view of ri^BtS!^ 

about one. tenth natural size. ( No. 563. ) about one-tenth natural size. C^-siM 

pitted, while toward the cetiter the surface becom(2s less indented SBd 
the external one half of each presents a polished surface marked wilti 
shallow corrugations. 

Principal Dimensions of Radius and Ulna, 

Greatest lengtli of radius, 
Transverse diameter of radius at distal end, 
Fore and aft " '' " '* '' 
Transeverse " " " *' proximal •* 
Fore and aft ** '' '' " ^' 

Transverse " " ** ' Mniddle of shaft, 
Greatest length of ulna, 
Transvesfse diameter oi uHia at distal end, 
*» '« «' »• " pro-Kimal " 

Fore and aft diameter at samniit of anconeai spin«, 
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T/ii' Carpus, — There was but one carpal bone found with the 
limb and foot, that marked X. iit plate XIX. This agrees very clos^lf 
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with the descriptioa given by Osbarn and Granger of the supposed 
«capho-hmar m Diplodocus, and with those author I agree in amking 
it homologous with that element in the niamnlaHan' carpus. If iwy 
interpretation of the position of this bone in the manus is correct the 
foUowing descriptiox^i of this element would apply. The general form 
IS that of a circular disc, thin in front but considerably thickened 
posteriorly. The superior surface is crossed an tero -posteriorly by a 
low, broad ridge which divides it into two slightly concave and sub- 
equal surfaces, the larger and smoother of which was for articulation 
with the external half of the distal end of the radius, while the 
smaller and more nigose surface articulated with the internal portion 
of the distal articular surface of the ulna. Inferiorly this bone pre- 
sents a gentle con\e.K, polished, but corrugated surface for articulation 
with metacarpals II,, IIL and IV. No other carpals were found with 
or near this foot, and after a careful study 
of it and the articular surfaces of the 
distal ends of the radius and ulna and 
considering the position in which meta- 
carpals II., III. and IV. lay with refer- 

ence to these bones and metacarpals!., ^''''- '°'. l^¥^t ^^^^^P^^o- 

, _^ 4 . . •»-* ^^ J lunar front view seen obliquely 

and \'., as shown in places XIX, and ., , , ^ .'. 

' * )rom above, ai>oul one-lourtli 

XX., it appears quite probable that it ,jauuai siz^^. (No. 563.) 
was the only ossified element present in 

the carpus of Brontosaurus and therefore that the Brontosaur carpus, 
like the tarsus, consisted of a single element. An oblique front view 
of this bone is shown in Fig. jo. 

Pk J NCll'A L I) J MKX.Sl ONS . 
Greatest tmnsvi.n'se diatneier 
*' fore and afl *' 
'" tinckness 

T/i£ Mtiacar/ia/s.—i\\\ the elements of the metacarpus were present 
and in approximately their normal positions when the foot was uncov- 
ered, as shown in plates XIX. and XX. 

Metacarpal L is short and much the strongest bone of the entire 
series. The proximal end is very deep, but much compressed. The 
articular surface is gently concave vertically and convex transversely. 
The internal lateral margin of the proximal end is regularly convex 
so that this margin atid the proximal articular surface as well conform 
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to the internal margin and internal articular surface of the radius 
with which during the life of the anin)al it probably had a direct, caif|; 
tilaginoiis articula-tibn. The external lateral margin of the proxiniail: 
end is regularly concave and just in front of the articular surface there 
is a deep cavity for the reception of a corresponding prominence on; 




Tui. It. Dorsa! view of melacarpalsof right manus placed side by side in regu- 
lar order, about one-tenth nalurai size. (No, 563,) 

the internal margin of metacarpal H. The external surface is rugose 
throughout the entire length of the bone ; it is much constricted ver* 
tically in the middle, but with decided distal and proximal expan?^ 
sion for contact with metacarpal IL The internal lateral surface 
is regularly but gently convex vertically throughout the entire length- 
of the bone and only slightly constricted vertically in the middle 
region. The superior surface gradually broadens from the proximal 
to the distal end. The inferior surface is deeply concave longitudk 
nally, broad at the distal extremity, but reduced to a sharp n^xrom 
ridge at the proximal end. The distal articular surface has the veiti* 
cal and transverse diameters subequal. It is continued well back an 
the palmar side of the bone in order to accommodate the thin sbe<g6 
of bone which projects posteriorly from the palmar side of ite proxiiisial 
phalanx. There is a vertical, median groove for the accoraraodatid'ff 
of the low median keel of the latter. 

Metacarpal li. is longer and more slender than the preceding, al^ 
though decidedly stronger than metacarpal III. It is somewhat con- 
stricted medially both in its vertical and lateral diameters. Compare^ 
with metacarpal I. it is broad, but greatly depressed. The superior: 
as well as the distal portions of the lateral surfaces are smooth, whili 
the inferior and proximal portions of the lateral surfaces are covered 
with rugosities. The inferior internal angle of the proximal end of 
this bone is especially modified so as to fit nicely into the deep cavitjf' 
Just described as present on the external lateral surface of metacarpal 
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Iv These bones are 30 interlocked that when placed in positioxi a 
ieonsiderable portion of the proximal end of mc. 11. is covered over 

By the superiof border of the cavity in mc'. T., while the proximal 




FiU- 1 2. View of proximal extronitles of tnetacarpals of right manits in posUion 
about one-fourth nmural size. (No. 563.) 

^erjd of the latter is raised above that of mc. It so as to articulate di- 
rectly with the radius. There is a broad, shaUow excavation on the 
external lateral surface at the proxinmi end of mc. IL for the recep- 
tion of the internal proximal angle of mc. Ill The proximal artic- 
,«kr surface of mc, II, is broad above and so«)ewhat narrowed in- 
:;feriorl7. Its superior and inferior margios are bounded bv iiea.rh' 
Straight^ horizontal lines. The surface is very shghtiy and regularly 
ifeonvex in ail directions. The distal articular surface is broad and 
ileep, though in the present specimen the latter diameter has been 
somewhat diminished by pressure. Just anterior to the rugosity on 
the internal lateral surface of the proximal end of this bone there is 
a deep groove leading obliquely downward and forward to the pahnar 
Stirface, This may have served for the transmission of a flexor tendon. 
Metacarpal UL is of equal length, but decidedly more slender than 
hic. IL The superior surface is smooth and regularly convex.. There 
k a noticeable lateral constriction at about the middle of the distal 
one-half of the bone. On the internal lateral surface of the proximal 
end there Is a flat rugose area, broad |)rox}mally, but narrowed dis- 
tally^ which disappears to\v'ard the middle of the shaft. The internal, 
proximal, lateral angle is so shaped as to fit nicely into the cavity on 
the external lateral surface of the proximal end of mc, IL, causing an 
interlocking of the proximal ends of these bones. The proximal ar- 
ticular surface is subtriangular in outline through the external superior 
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lateral angle of the proximal end being produced into a strong ttt- 
anguiar process which overlies a corresponding projection on the ins 
ternal inferior lateral angle of mc, IV. The external outer margin oi 
this process on mc. III. presents a rounded articular surface which fits 
into a deep groove on the superior internal surface of mc. IV., thus 
causing these bones to interlock at their proximal ends, though some- 
what less perfectly than mcs. I. and IL, and II. and III. The palmaE 
surface of mc. III. is rugose and there is a broad median ridge con- 
tinued throughout the entire length of the bone. The distal end^j^ 
broad and deep, convex, and with an indistinct groove inferiorly. 

Metacarpal IV^ is shorter and more slender than mc. III. It js 
greatly constricted medially and at the point of greatest constriction 
it is nearly circular in cross-section instead of fiat as in mcs. II. an<l 
III. On the internal lateral surface of the proximal end there is the 
deep groove mentioned above for the accommodation of a corresponds 
ing prominence on the external lateral surface of mc. III. The 
proximal articular surface is triangular. The lines bounding the in* 
ternal and superior borders are of equal length and meet at right 
angles so as to form the base and perpendicular of a right-angled tri* 
angle, while the hypotenuse is formed by the line bounding the ex-: 
ternal lateral border. The latter, when this bone is placed in its nat- 
ural position, runs obliquely downward and inward toward the mediail 
axis of the foot. There is a broad, shallow emargination on the>e^* 
ternal lateral surface near the proximal end. The distal end preseats- 
a broad and deep articular surface concave transversely and conves^ 
supero- inferiorly. 

Metacarpal V. is shorter and stronger than mc. IV, It has sotne^ 
thing of the general shape of mc. L, though not nearly so massive as 
that bone. It is compressed proximally, but expands distally. Theie 
is a broad, rugose, concave surface on the internal side of the proximal 
end. The proximal articular surface is crescentic in outline withthil 
upper arm heavier than the lower. There is a deep constriction on 
the inferior side and another less pronounced on the superior just be- 
hind the distal end. The distal articular surface is faintly convex an^ 
subcircular in outline. 

The manner in which the different elements of the metacarpus la^ 
terlock at their proximal ends is suggestive of that which obtains in 
the mammalia and is well calculated to give stability to the manos 
when supporting the weight of the ponderous body. It will alsa> 
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now that the position of each is definitely known, furnish important 
aid in assigning the various metacarpals. when found disassociated to 
their proper positions. Some of the principal characters of the meta- 
carpals are well shown in plates XIX. and XX. and figs. 4, u, and 12, 
Principal measurements of metacarpals, column i, greatest length ; 
2, greatest transverse diameter at proximal end ; 3, greatest trans- 
verse diameter at distal end ; 4, least transverse diameter of shaft. 
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The Fhalanges, — The entire series of proximal phalanges are pres- 
ent as is also the second or terminal phalanx of the first digit. 

The proximal phalanx of the first digit is longer on the external 
than on the internal side, so that when in position between the imgual 
and Mc. I. it appears wedge shaped, with the wedge directed toward 
the opposite foot. The internal lateral surface is convex and the ex- 
ternal deeply concave. The palmar surface is produced posteriorly 
into a thin sheet which lies under the distal end of mc. I. ^ he 
proximal articular surface is concave supero-inferiorly and there is a 
low, broad keel for articulation with the groove in the distal articu- 
lar surface of mc. L The distal articular surface is regularly convex 
supero-inferiorly and concave transversely. 

The ungual of the first digit is compressed laterally but deep pos- 
teriorly. The internal lateral surface is convex, the external flat. 
The proximal articular surface has been so much distorted by pressure, 
due to the position in which it lay when imbedded, that its characters 
are obscured in the present specimen. The distal extremity is pointed 
and the entire external surface throughout the distal two-thirds of its 
length bears evidence of its having borne a powerful claw during the 
life of the individual. 
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The proximal phalanx of the second digit is much the Urge^^ 
the entire series. The proximal articular surface is fiat and circuits M 
outline; tlie %^ertical and lateral diameter of this end of the bone Wmg 
equal. Distally this phalanx is much depressed and greatly expansdai 
transversely. The distal articular surface is very broad bm shallom 
and divided by a deep, median, yertica! groove into two snbeq^i^ 
lateral moieties with smooth convexly rounded surfaces. WA 
phalanx^ as well as its metacarpalj has been erroneotasly eoif* 
sidered as belonging to the third instead of second digit of" Wsii, 
series by Professor Osbornj as will readily appear by a refei^f*^ 
to lig. 7 of that author's paper on the ^* Fore and Hind Mittj^ 
of Carnivorous and Herbivorous Dinosaurs/' published as Atti&i^ 
XI. of Yol. Xll. of the Bulletins of the American Museum c^f 
Natural History. 

The proximal phalanx of the third digit is short, very much depre^ii 
more especially at the distal end^ and expanded laterally. The prCiiii^' 
mal articular surface is elliptical in outline, slightly concave, with IM 
transverse diameter about double that of the vertical. The distiail 
articular surface is broad, but extremely shallow. There is a brcai 
but very shallow depression in the middle, faintly dividing it into tw© 
ill -defined articular areas. The bone is of about equal transverse 
dimensions throughout its length. 

The proximal phalanx of the fourth digit is short and stoutj tmm 
narrower than that of the third, but not so depressed. Seen from ^&m 
it appears somewhat wedge-shaped^ the length of the externa! lateiJ^ 
border greatly exceeds that of the internal. The proximal artictilil 
surface is slightly concave and semicircular in outline. The distal &siM 
is depressed, with an ill-defined articular surface crossed by a toU^?3&*i 
median vertical groove. 

The proximal phalanx of the fifth digit is more massive than tha£ m 
either the third or fourth, but smaller than the corresponding hotse^m 
digits one and two, Seen from above, it presents a broadly wedp* 
shaped superior surface with an extended external lateral margtf^if: 
while the inner margin is reduced to a sharp ridge where the pro^Eiifl^* 
and distal surfaces converge and meet at an acute angle. The tion?? ^^ 
broader and less depressed than either of the two elements last de-^ 
scribed. The proximal articular surface is irregularly quadrangul^^S; 
in outline, the transv^erse dimension about double the vertical. OT* 
tally there is a poorly defined articular surface. 
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The principal dimensions of the phalanges found with this limb and 
iuamis are given in the follo\Wng table, in which the measurements 
given in cohmins i, 2, 3 and 4 show'tespectivei}' the greatest length 
and greatest breadrh, and the greatest depth at the proximal and distal 
extremities of the different bones. 

1st i*ros, Hiakfts 

2d *' 
3d " 
4Ui '* 
5th " 
Ungual oi" 1st digit 

The Sesamoids. — A small, oblong rounded sesaixioid was found in 
position on the palmar side, lying between the distal end of mc. 
III. and its proximal phalanx. There is little doubt that digits II. 
and IV. at least bare similar sesamoids in the same po- 
sition, while others raay have been interposed between 
some of the phalanges. It is not at all impossible that 
the small ossicles mentioned by Osborn and Grander as /* ^^ .' 

found associated with other elements of the manus of „(■ sesamoitl. 
Diplodociis and referred by those authors to the carpus about one- 
M'ere in reality phalangeal sesamoids, as is evidently the fourth natural 
scasewith the present ossicle. The maximum lateral di- ^^^^*' ^^'"' 
tension of this bone is 60 mm., 1254 inches^ vertical 26 ^^ 

mm,, I inch ; while the fore and aft diameter exactly equals the vertical, 

Manus of BHONtosAURUs Entaxonic m Structui^e, 
From the above descriptiorr and the accompanying figures it will 
readily be seeti that the maous of Brontosaurus, like the pes, was 
■entaxonic instead of mesaxonic as lias been supposed by Osborn* 
Digits II. and III, doubtless were provided with a full complement 
of phalanges terminating in large unguals bearing powerful claws. In 
digits IV, and V, the number of phalanges was doubtless successively 
more and more diminished and the terminal of each reduced to a func- 
tionless rounded ossicle similar to those found in the same positions 
on digits IV. and V. of the pes in both Brontosaurus and Diplodocos. 
Not only were digits L, II. and III. the only ones provided with a 
full complement of phalanges, but the metacarpals decrease in strength 
from the first to the fifth. The whole structure and arrangement of 
the different elements of the tiietacarpus and jihalanges is especially 
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modified so that the principal weight of the body was supported,.^ 
the manus as in the pes, by the inner side of the foot. 

The MAiSfus of Diplodocus and Morosaurus Probably 

Entaxonic in Structure. 

Considering the many known similarities in the structure of th^ 

skeletons of Brontosaurus and Diplodocus there can be little questi^r^ 

that the manus in the latter genus was like the pes entaxonic ii 

structure. This would call for a rearrangement of the phalanges of 

5SvFt.-.=.«-=:!-Ti;«-. ■ ; ■ 



?g»ffc/>:Vt'S.V.'7. 













Fig. 14. Right front foot of Morosaurus, one-sixth naluitil size, after Osbarri'.' 

the front feet in the present author's recently published rest rat iomc)f 
Diplodocus camera. ^ 

f See Mem. of the Carnegie Museum, Vol. I,, pliite XIII. 
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I am also strongly inclined to the opinion that the late Professor 
Marsh was right when in plate XXXVIIL of his Dinosaurs of North 
America he figured the manus of ^ToTbsaurus with digits L, II, and HI. 
provided with claws and lY. and V. deficient in those elements, thus 
indicating an entaxouic structure of the manus in this genus of sauropod 
dinosaurs. The Morosaurus manus first described and figured by 
Psborn/ and later associated and figured with a humerus, radius, and 
ulna by Osborn and Granger does not appear to me as entirely demon- 
strating the propriety of the arrangement of the phalanges and meta- 
carpals as shown in the figures and described in the text of those 
authors. A reproduction of Osborn 's figure of this foot is given 
in fig. 14, and I wish especially to call attention to metacarpals 11. 
and HI. The curvature of the shafts of these bones as well as the 
nature of their proximal interarticulation, if their slight contact can be 
thus designated, is such as to indicate that they pertain to opposite feet. 
Compare the closely interlocked metacarpals IL and HI. shown in figs. 
4 and 1 1 and in plate XX. with the same bones in fig. 14, The arrange- 
ment which obtains in the former is well adapted to give the necessary 
strength and rigidity at that point where it was most needed in the 
manus of these ponderous beasts, while that of the latter is indicative 
of weakness and instability at the precise point where stability was to 
be expected. In short I believe the right foot of Morosaurus as 
figured by Osborn and Osborn and Granger has the metacarpals and 
phalanges wrongly placed and that in the figure given by Marsh the 
arrangement of these elements was essentially correct, although that 
author may have erred in allowing one or more too many phalanges 
for digit IV. 

Summary, 

The chief points regarding the structure of the fore limb and foot 
of Brontosaurus established in the preceding paragraphs may be sum- 
marized as follows : 

1. The humerus, radius and ulna are shorter and lighter than the 
corresponding bones of the hind limbs. 

2. The radius and ulna do not cross complete!)' as in the mammalia, 

3. The carpus, like the tarsus, consists very likely of a single ele- 
ment — the scajjho- lunar. 

4. The metacarpals are longer than the metatarsals. 

^See Bull. Am. Mus. Nat. Hist., Vol. XII., pp. 161--172. 
25 
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5. The manus, like the pes, is undoubtedly entaxonic in structure iti 
Brontosaurus and very probably so in Diplodocus and Morosaurus. 

Explanation of Plates. 

Plate XIX. 

Palmar view of radiu5, ulna and manus (No. 563) showing position of bones;a$= 
they lay imbedded in tlie matrix, u, ulna ; r, radius, x, scapbo-lunar ; s, sesamoid^j;: 
metacarpals and pbalanges indicated by their res]>ective numerals, 

Plate XX. 

Dorsal view of the same. Letters same as alx)ve. Both figures a little less thaiis 
y^ natural si^e. 

ARNEGIE MlskI'M, December 28, 1901, 



ANNALS CARNEGIE MUSEUM, Vol 



Plate XIX. 







Fore Arm and Manus of Brontosaurus. 
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Plate XX. 




Fore Arm and Manus of Brontosaurus. 



